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Abstract

Floating point multiplication is a crucial operation in high power computing applications such as image processing, signal
processing etc. Multiplication of floating point numbers found extensive use in DSP applications involving huge range. And also
multiplication is the most time and power consuming operation. This paper proposes an efficient method for IEEE 754 floating
point multiplication which gives a better implementation in terms of delay. The proposed log based Floating point Multiplier is
designed using Verilog HDL and targeted on Spartan 6 FPGA.
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I. INTRODUCTION

The applications of floating point numbers are widely used in digital applications such as digital filters, digital signal processors,
image transformation and Signal processing applications. Floating point numbers represent real numbers in binary format.
Representing a number in floating point format has more resolution and accuracy when compared to fixed point representations.
Hence for wide dynamic range of numbers, integer representation is no longer appropriate because they lie outside the range
represented within the system's bit width. These values can be represented using the IEEE-754 standard which specifies a set of
floating point data formats, single precision consisting of 32 bits and double precision consisting of 64 bits.FPGA usage for the
implementation of Floating Point Number is often better than microprocessor based structures due to its pipelining capability,
and high speed.

I1. CONVENTIONAL SINGLE PRECISION FLOATING POINT UNIT

A Single precision floating point multiplier is designed using two 32 bit inputs, 32-bit output and flags for indicating underflow
and overflow.

Multiplication of floating point numbers found extensive use in DSP applications involving huge range. The critical part in
floating point multiplication is the multiplication of mantissas which uses 24*24bit integer multiplier for single precision floating
point numbers. The speed of the system can be enhanced by improving the speed of multiplication. In the base paper, a 24 bit
Vedic multiplier has been designed using 3*3 Vedic multiplier as its basic block.

I11. PROPOSED DESIGN

Logarithmic number systems (LNS) find many of its applications in the field of multimedia, digital signal processing, scientific
computing and artificial neural networks due to logarithm and antilogarithm elementary functions. In this modified design,
logarithm based single precision floating point multiplier is designed based on look-up table method that computes function of
log and anti-log values.

For Logarithm conversion(Number to Log) we used LUT having 1024 samples. Mantissa range starts from 1.000 to 1.999
(1024 samples corresponds to this input range). So these 1024 samples values lies in range from 0.000(log1=0) to 0.999(log2=1).
and it is in fixed point number system (24bit, 23 fractional bits).

For anti-log(log to number) calculation we used LUT of size 2048. After multiplication (log addition), range of values lies
between 0.000 to 2.000 (thus we need 2048 samples for symmetry).

In the modified Design we use addition in place of multiplication thus speed of floating point multiplication increases
significantly. Only drawback is we need to store look up table (in ROM OF FPGA) which increases the area of hardware.
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A. Device Utilization

IV. RESULTS

floating_point_mul Project Status (12/09/2016 - 10:34:23)
Project File: floating_point_multiplier.xise | Parser Errors: No Errors
Module Name: floating_point_mul Implementation State: Synthesized
Target Device: xc6slx25t-2fgg434 sErrors: No Errors
Product Version: ISE 14.5 *Warnings: 16 Warnings {16 new)
Design Goal: Balanced * Routing Results:
Design Strategy: | Xilinx Default {unlocked) * Timing Constraints:
Environment: System Settings « Final Timing Score:
Logic Utilization Used Available Utilization
Number of Slice LUTs 1150 15032 7%
Number of fully used LUT-FF pairs 0 1150 0%
Number of bonded 10Bs 98 250 39%
Fig. 1: Device Utilization Results for Conventional Design
8. Modified Design
Project File: floating_point_multiplier_modified.xise | Parser Errors: No Errors
Module Name: | floating_point_mul Implementation State: |Synthesized
Target Device: |xcoslx25t-2fgg484 s Errors: No Errors
Product Version: |ISE 14.5 * Warnings: 5 Warnings (0
new)
Design Goal: Balanced * Routing Results:
Design Strategy: | Xilinx Default {unlocked) * Timing
Constraints:
Environment: System Settings * Final Timing
Score:
Logic Utilization Used Available Utilization
Number of Slice LUTs 1521 15032 10%
Number of fully used LUT-FF pairs o 1521 0%
Number of bonded IOBs 98 250 39%

Fig. 2: Device Utilization Results for Proposed Design
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C. Combinational Path Delay

Timing Summary:

Speed Grade: -2

Minimum period: No path found

Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 37.222ns

Fig. 3: Combinational Path Delay for Conventional Design

Timing Summary:

Speed Grade: -2

Minimum period: No path found
Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 23.617ns

Fig. 4: Combinational Path Delay for Modified Design

V. SIMULATION RESULTS

A. Base design
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Fig. 5: Conventional Design Simulations
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Fig. 6: Proposed Design Simulations

V1. CONCLUSION

Optimization of the speed and reduction in area of the multiplier is a major concern while designing a circuit. By reducing gate
delays the overall performance of digital circuits can be improved. This paper shows how to effectively reduce delay of a
floating point multiplier by using a very efficient Log Based floating point multiplier design. The paper proposes a floating point
multiplier that supports the IEEE 754 single precision floating Point standard which shows an improvement in multiplication
speed by 36.56%.
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